I NEVER was quite satisfied with some experiments carried out by Mr. H. Candy under the direction of Mr. T. G. Read, and for many years hoped to see them corroborated or refuted.
Odontological Section required to neutralize the acid was then noted. Similarly, 200 gr. of stone-milled bread were subjected to like treatment. These experiments were repeated several timnes, with the slight variation that in some cases the stone-milled bread was masticated first and the white bread immediately after; in the other cases the white bread was masticated first and the stone-milled bread immediately after. The reason for trying the anmount of fermentation in both of these ways will be apparent later. Before referring to my next set of experiments I would like to refer to the late Dr. Miller's famous experiments, which, together with the enormous influence for good in regard to the solution of the pathology of caries, seem to me to have misdirected attention, to a certain extent at least, with regard to its aetiology. Miller's experiments, you will remember, were conducted as follows: 5 gr. of the foodstuff were mixed with 4 c.c. of fresh-drawn saliva, left to ferment, and the degree of acidity tested in a similar way to that I have already indicated. Here, however, you observe the experiment does not in any way represent a state of affairs such as is liable to exist at the exact sites where caries commences. If one looks into the crevices of the teeth, which are the usual sites of caries, after a meal has been taken ending with bread, it will be seen that covering over and extending beyond the incipient carious spot a visible quantity of bread may be seen. It is not, then, less than 1 per cent. of bread in saliva that we have to deal with, we have rather to deal with the foodstuff and the saliva in more like equal proportions. In fact, when some foods are eaten, chocolate for example, for a considerable time the chocolate lies in the crevices almost without admixture with saliva at all. One cannot really object to Miller's experiments or methods, however, but only to the erroneous assumptions which have been made from them. One of them I must refer to. It has been assumed that the harmfulness of any particular foodstuff might be judged from its fermentability. To a certain extent this is no doubt true, but it is of still greater importance to know first: (1) Whether the particular foodstuff is apt to lodge about the teeth for a considerable time, and (2) whether the foodstuff may itself have been effectual in removing the bacterial plaques or masses from the 91 92
Wallace: Experiments and Observations on Bread masticating surfaces of the teeth. Then, again, it has often been assumed that the mouth is more or less constantly supplied with something approaching 1 per cent. of carbohydrate, remaining behind in the mouth after practically all meals. It was assumed that there was very generally some little carbohydrate and, consequently, some acid being formed in the mouth. The whole theory that the locale for the initiation of dental caries depends on points of least resistance in the tooth seems to me to have been largely imagined as the result of the, assumption that there was in the mouth a diffuse production and presence of acid in a medium-i.e., the saliva-which might only contain a fraction of 1 per cent. of carbohydrate. Similarly the theory that acids in foods, acid saliva, and acids eructated from the stomach gave rise to caries, seems to have gained currency on the assumption that the food and acid, which tended to initiate caries, was not located in the mouth at a particular spot, and that the acid formed was not, as it were, fixed or located, but wandered about till it found points of least resistance. It is not, however, points of least resistance which are important. But it is most important to recognize the existence of points which favour the periodic stagnation of carbohydrate foodstuffs in appreciable quantity, for it is at such points that caries is invariably initiated, and whether the tooth-substance in the neighbourhood of these spots is more or less resistant to solution by acid does not in any way influence the intensity of the carious process, although it may influence the rapidity of the destruction of the tooth-substance. It Notwithstanding these results, it must not be imagined for one momient that crust of bread ferments more rapidly than crumb, or that crusts are more liable to induce caries than crumb ; on the contrary, the amount of fermentation indicates rather how effectually each or any of these varieties of bread cleans the masticating surfaces of the teeth, and removes the plaques or masses of bacteria which, by lodging unduly and protected from the beneficent action of the saliva by superimposed bread, would most effectually induce caries.
That As far, then, as the masticating surfaces are concerned, I think we may say that the lodging of bread would tend but little, if at all, to induce dental caries, provided the adherent masses or plaques of bacteria could be and were frequently removed, or rather were not allowed to form. And here it should be noted that the nature of the bacterial flora of the mouth in general is not necessarily of much importance. It is quite possible, indeed most probable, that the bacteria in a crevice which is regularly supplied with carbohydrates are of an active acidforming type, flourishing most rapidly in a carbohydrate medium. Dr. Black, you may remember, said: " As I have cultivated micro-organisms a great deal, and especially in relation to this matter, I wish to say distinctly that the same micro-organisms are found growing in the mouths of persons who are immune to decay, as are found in the mouths of persons who are susceptible to decay and those whose teeth are decaying rapidly, and the same micro-organisms will grow in the saliva of either when used as a cultivating medium." Nevertheless we are justified in saying that the fact of the same micro-organisms being present in different mouths at points where decay is not taking place is not an important point. What importance, indeed, can we attach to the general bacterial flora, or the nature of the saliva in general, when at one place we may have decay becoming arrested and at another decay commencing. Surely the exact local conditions and the exact localization of particular kinds of micro-organisms are the points of paramount importance in this matter.
It may be said that, no matter what is eaten, masses of bacteria do adhere about the teeth even after the thorough m-astication of crusts or anything else. This is quite true, and between and at the necks of teeth, masses, layers or plaques of bacteria cling to the teeth after masticating anything. But those situations are kept free from caries on a somewhat different principle. There is a coating of mucus at these situations in which the bacteria seem to flourish fairly well, but which, however tenaciously it adheres to the teeth is sufficiently greasy and slippery to permit of the easy and rapid removal of carbohydrate food particles. If the teeth are observed some short time after eating bread, it will be found that this slippery mucoid film is present in situ, but not the bread. Food particles occasionally are loosely adherent to this mucoid mass for a time, but they are nmore or less freely exposed to the action of the saliva, and are superficial and not impacted when there is a normal arrangement of the teeth. The protection of the tooth from caries at the neck should be more closely studied than it usually is.
The deepest layers are the most alkaline and most infiltrated with liquefying micro-organisnms. This is a necessary corollary from Miller's experiments with saliva and mucus. The superficial parts of this mucus coating are removed and deposited more frequently than the deepest layer next to the tooth. Consequently the deepest part must, generally speaking, be alkaline, even though the superficial and more recently deposited layer be acid, because if mucus is left to ferment for a time it rapidly becomes alkaline. The micro-organisms, however, keep up a slow disintegration of this mucus, so that a constant change or continual slow flux keeps the neighbourhood of the necks of the teeth alkaline, and at the same time free from any foodstuffs which otherwise might lodge. Towards the bulge of the tooth and above it of course the layer of mucus is very thin, and being renewed after each meal it tends to become acid when newly deposited; but, inasmuch as it is thin, mixed with and bathed in saliva, it would be impossible for it to become sufficiently acid to decalcify the enamel. Saliva, as you know from Head's experiments, effectually prevents the action of weak acids upon the teeth.
It is true, of course, that caries often attacks the necks of the teeth. Here, again, however, in order to get this result, it is necessary to get food to lodge more or less continuously over or in the layers of mucus and bacteria in these situations. Certain viscous foods-e.g., bread and marmalade, or cake-may certainly lodge upon or partly impregnate the mucous layer over the necks of teeth, or this layer may become fairly thoroughly soaked in sugar when sweets are more or less continuously sucked; or, again, foods even though not of a particularly sticky nature, may be liable to lodge when the mucous membrane forms a sort of pocket near the necks of the teeth on the buccal side of the wisdom teeth; but, except in such situations, there is no distinct tendency for food particles to lodge about the necks of the teeth when they are covered with the mucous coating and the gums have not receded. When, however, this mucous coating is frequently removed and a small groove cut with a tooth-brush, then the inclined and slippery plane is broken, and food tends to stagnate at the necks of the eroded teeth. Caries may then take place, for fermentable carbohydrates may lodge in such situations in more or less immediate contact with the teeth, as the beneficent protection of the mucous coating has been removed, and instead of facilitating the removal of fermentable carbohydrates they are induced to lodge under conditions which favour the initiation of caries.
The next and last set of experiments which I would refer to are with regard to bread and marmalade: 200 gr. of this mixture (160 gr. of bread and 40 gr. of marmalade) were masticated and tested as in the previous experiments, the result being that the bread and marmalade gave rise to acid requiring for neutralization 11 6 c. 
Odontological Section
Before going further it may be desirable to define the cause of caries, for, although to a certain extent I am going to make some observations based more or less on the experiments, it is difficult not to be influenced by what knowledge we already have of the cause of dental caries derived from different evidence and sources. To me, in a general way, the cause of dental caries is the undue lodgment of fermentable but non-detergent carbohydrates in more or less immediate contact with the teeth, and undisturbed by the free access of saliva. Bearing this in mind, and the experiments already briefly detailed, what can we say about bread in relation to dental caries ? We can very safely say that:
(1) No farinaceous foodstuff in general use in this country is less harmful to the teeth than bread when eaten with butter, and no farinaceous foodstuff is more beneficial from the point of view of oral hygiene; especially is this the case when the bread is eaten with a goodly proportion of crust.
(2) The different varieties of bread (i.e., white, standard, and stonemilled) miake no appreciable difference in inducing dental caries, beyond the difference which the physical differences of the bread make in their detergent effects on the teeth. That is to say, the less finely ground may be presumed at least to have the more detergent effect. Whether standard bread may be considered as being less finely ground than white I know not, but as far as my experiments on this point go, the fermentation of standard bread and white bread gave identical results in this respect, both for crust and crumb.
(3) The crust is always preferable to the crumb in all varieties of bread. Similarly, toasted bread of any variety is preferable to untoasted bread of any variety. The amount of phosphates or .proteid absorbed from one kind of bread may be greater than from another kind. It is said that more phosphates are absorbed from white than from coarse wholemeal bread. From the point of view of dental caries this does not seem to be of any consequence whatever. It is certainly of no consequence as regards the temporary teeth, which have their enamel completely formed before bread is ever tasted.
As regards lime salts in bread, and their effect on the calcification of enamel, here, for similar reasons, we may conclude that this has nothing to do with the production of caries. A certain amount of lime salts is necessary, both for the teeth and for other. purposes, but whether 97 it is too much that is in the different varieties of bread or too little, seems to me to be of remarkably little consequence. What evidence we have seems to show that the teeth are as excellent in form and constitution whether a diet notably rich in, or notably free from, lime salts is indulged in. Judging from Professor Moore's and Professor Winckler's observation, possibly the breads having the smaller amounts of assimilable lime may be regarded as best from other points of view, especially if supplemented by cow's milk. But we need not speculate on this; we know, of course, that the chemical analysis of the teeth shows that it is not lack of lime salts at all that predisposes teeth to decay. But since the impression may exist that in a certain variety of bread there is a deficiency of lime salts, then there is all the more opportunity for insisting that a more or less exclusively bread diet should be supplemented with vegetables, in which lime salts are present in ample quantity, and in which the cellulose is present in a more agreeable and less irritating form than in wholemeal bread, besides being in a more detergent and correspondingly hygienic form. Again, if the amount of carbohydrate in white bread is proportionately great, this will give us all the better reason for insisting that jam and mnarmalade should not be spread upon it, but that it should be supplemented by butter, fish, flesh, or fowl, or other proteid and fatty food. To talk about sugar being a great " proteid sparer," when already too much carbohydrate and too little proteid have been consumed, is on a par with sending coal to Newcastle in order to save the inhabitants of that city from using something else which they could not possibly do without.
Though bread has but little to do with the induction of caries, how it is taken and what it is taken with is of great importance. Thus, the wicked practice of cutting off the crust, or soaking good detergent bread in milk till it has thoroughly lost its power of stimulating mastication and keeping the mouth clean, should be noted. We surely do not want to see the mouth in a continual state of fermentation, teeming-with bacterial plaques,'and contaminating all the food which has possibly been carefully selected and sterilized for a child's welfare. To ruin the detergent effect of the bread directly is bad enough, but, unfortunately, this is not all, for cow's milk not only contains an excess of lime salts, it contains also excess of proteids, and thus instead of a child having its bread supplemented by albuminuous food of a cleansing nature, it is generally actually deprived of this because it has already got it in its most expensive and least detergent form-i.e., milk. Bread and marmalade is another of those unphysiological combinations which tend to ruin the cleansing effect of bread, as we have already indicated, and the habit which many families have of finishing breakfast with bread and marmalade makes it particularly objectionable from the point of view of oral hygiene. Bread and jam to finish off the children's "tea " is, of course, equally harmful.
But now, although the proportion of salts in white or in wholemeal bread has nothing whatever to do with the chemical composition of the tooth, I am not at all sure that the elimination of the earthy salts or a goodly proportion of the inert and innutritious cellulose is an advantage, especially for those who are found to live very largely on bread alone. These earthy salts, and the cellulose which is present in wholemeal bread, may be conducive to the hygiene of the alimentary canal, and whether more proteid is absorbed from the white bread or whether more earthy salts are absorbed from it does not seem to me to be of any appreciable consequence except for those who are on the borders of starvation. What leaves the mouth and alimentary canal in the most hygienic or healthiest state is what is of importance. It is always disease and never starvation which affects the development of the teeth. That the wholemeal bread should not be very coarse, lest it should give rise to intestinal irritation, should perhaps be remembered at the present time. Possibly, probably indeed, coarse wholemeal bread is quite suitable for those who masticate their food very thoroughly, but so many do not, and many more cannot. Thus, therefore, although wholemeal bread is to be preferred, especially because of the innutritious matter which it contains, it may be safer to advocate rather finely ground wholemeal bread. And for anyone who wants to try the silly experiment of living on one fQodstuff alone, standard bread may be recommended. Certain experiments at least seem to indicate that such a course would be advisable under such circumstances. But before assuming that this results from " superior nutritive qualities" let us be sure that it is not due to something quite different. The craze for nutritive foods seem to blind some people to other often more important considerations. In the advocacy of standard bread the fact that pigeons fared better on this than on white bread has been brought forward. For long years pigeon fanciers have known that old mortar, little stones and pigeon grit in addition to their grain food was good for their pigeons' health. Similarly experimentalists have shown, or think they have shown, that chickens brought up on sterilized food were liable to become weak and die, unless or until they were supplied with some dirt of a--rather unsavoury description. It is not my intention to indicate that standard bread derives its virtues in similar ways, but rather to indicate that we should exercise our common-sense before we extol the nutritive value of any bread; and as regards the teeth, the last thing that should be brought forward as a cause of the prevalence of dental caries is the lack of nutrition in bread. If there was more innutritious matter in our vegetable foodstuffs the teeth would fare much better; if the sugars were less concentrated than they are in sweets, if they were diluted with water and weak vegetable acids and incorporated with cellulose as they are in their natural state in fruits, we should hear less about the increase of caries. Man, more than any other animal, eats food which is particularly rich in nutritious matter and particularly free from innutritious matter. At the same time he has decayed teeth to an extent which makes him, as regards teeth, the ridicule of the animal kingdom. We can understand wholemeal bread being advocated because of the innutritious cellulose or for other innutritious constituents which it contains, but it is rather a whimsical argument to advocate bread for the teeth, necessarily containing a large amount of carbohydrate and proteid only of a nondetergent kind, because of its " superior nutritive qualities."
Moreover, we should remember the law of evolution, both retrospectively and prospectively, and instead of worrying over the problem as to what single food would per se be the most suitable, we should rather recognize that in matters of diet there has been, and is still further bound to be, an evolution from simple, indefinitely satisfactory, single or few food diets to the varied, definitely co-ordinated and complex dietetic regime which best subserves the needs of the highly evolved and complex physiological unit, man.
DISCUSSION.
Mr. F. J. BENNETT said he felt more grateful to the author at the beginning of his paper than he did at the end. At the first he had hoped that Dr. Sim Wallace's scientific investigations had reached a point which would lead him to abandon philosophical discussion. But Dr. Wallace did not continue his investigation of scientific fact to the end. For fifty years people had speculated as to the cause of caries, but the speculations had led to no advance beyond that which was known at the time when Robertson, of Birmingham, announced his theory of caries. Facts arising from experiments were of the utmost importance, and it was in that respect he considered the work of Miller to stand head and shoulders above the work of any other man. Some of Dr.
Sim Wallace's speculations were problematical; for instance, the condition of the bacteria lying deep down in a fissure, covered by a mucous layer. It increase, that amongst children who were well looked after it was on the decrease. It was quite easy to bring up children without decay of the teeth by carrying out the ordinary rules of hygiene. He saw hundreds of children whose mouths were absolutely free from decay, and he did not believe for one moment that they had stronger enamel-than their parents; their teeth were free from caries because they were carrying out the simple ordinary rules of oral hygiene. With regard to sugar being probably the main factor in the prevalence of caries, it seemed to him that caries had developed in ratio with the imports of sugar into different countries. It was not right to say that sugar had always entered into our dietary, because sugar had only entered into the diet of the British race since the discovery of tropical countries. With regard to the whole question of foodstuffs, it should be remembered that whatever foodstuffs were used, if a child's mouth was to be functional two things were necessary, first that the child must not be a mouth-breather, and secondly, that it must be able to utilize every single tooth in its mouth. Therefore the child had to be made a nose-breather and every tender tooth removed. The child should be prevented from eating between meals, so as to give the saliva a chance of doing its cleansing work. Certainly sugar should not be the last thing in a child's diet. In that way, and by keeping the child from constant eating of sweets, 75 to 80 per cent. of the caries in this country would disappear.
Dr. J. SIM WALLACE, in reply, said that if the philosophical method which was supposed to be characteristic of the Scotch was to be opposed to the Baconian method he would plump for the Scotch. Of all the stupid things he had ever heard it was to suggest that experimental work should be commenced before the experimentalist had thought -out his subject. After a man had exercised his thinking faculties it was quite possible to arrange very simple experiments to bring home the truth to people who could not think for themselves, but until thought had been exercised experiments were merely obstacles in the way. It was not very long ago since we were overloaded with undigested facts about dental caries, while at the same time there was not the faintest idea of how to bring up children without carious teeth. The only grudge he had against his countryman John Hunter was that he came to England and gave currency to the saying, "Don't think, try." Hunter probably knew that it was rather a foolish thing to say, but no doubt he wanted to get the better of the English. The experiments he himself had made had wasted most of his Sundays for the last six months, but he did not ask anyone to attach much importance to them, or to assign much importance to the diagram which had served such a useful purpose for his friend Mr. Caush. He had only meant it to serve the useful purpose of bringing home the relation of bacteria to carbohydrates under certain circumstances. With regard to the mucus, Mr. Bennett seemed to think he had been making philosophical speculations, but that was not the case. It was Miller's laboratory experiments he was speaking of. With regard to submitting the mucus to microscopical examination, there was no need whatever to use the microscope, because the facts could be seen with the naked eye. Anyone looking into the mouth would generally be able to see, unless the teeth had been very carefully brushed, the slight mucous coating, or if it could not be seen it could be scraped off, and if that was not satisfactory to microscopists it could be placed under the microscope. With reference to the question of special attention being paid to the kind of flour, he would only say that the more care taken of children's teeth before the proper theory of dietetics came into existence the worse they generally became. The method generally adopted was to follow the doctor's advice, and the doctor's children generally had worse teeth than other children. He would have been pleased to have tried his experiments with the saliva of immune and susceptible people as suggested by Mr. Colyer, but he had never seen any person he really thought was immune or susceptible except because of irregularities or other deviations from the normal shape and arrangement of teeth. As to Mr. Colyer's remark about his preference for stone-mill bread, it would be noticed from the paper that there was rather more fermentation from the mastication of stone-mill bread than white bread, and when he obtained those results he wondered whether they might have been due to the fact that a little more muscular effort was required to masticate the crusts thoroughly. It was rather a difficult point to settle and the amount of difference was very small. Still, if the idea was that the greater the fermentation caused in this way the less harm, then perhaps the stone-mill bread should be preferred to the roller-mill bread.
He had never been able to get a grip of the "capillary theory." If the mouth was open and there was a liquid lying in the floor of the mouth, capillary attraction would no doubt cause that liquid to come up between the teeth, but it would also bring up the saliva, and saliva was antagonistic to a certain extent to the decalcification of the teeth by acid. Consequently he did not see that the capillary theory was of very much value. But the viscous theory, or the theory that sugar penetrated into the mucus and clung about the teeth, could hardly be called capillary attraction. If he understood it rightly it was not capillary attraction that was meant but the viscosity of the sugar which got between the teeth and remained there.
